US 20220349727A1

a2y Patent Application Publication o) Pub. No.: US 2022/0349727 A1l

a9y United States

TU et al.

43) Pub. Date: Nov. 3, 2022

(54) METHOD AND SYSTEM FOR
CONSTRUCTING ELECTRONIC HORIZON

(71) Applicant: Xiamen Yaxon Network Co., Ltd.,
Xiamen, Fyjian (CN)
(72) Inventors: Yankai TU, Xiamen, Fujian (CN);
Tengyuan LUOQ, Xiamen, Fujian (CN)
(21) Appl. No.: 17/763,584
(22) PCT Filed: Jul. 10, 2020
(86) PCT No.: PCT/CN2020/101197
§ 371 (e)(D),
(2) Date: Mar. 24, 2022
(30) Foreign Application Priority Data

Dec. 31, 2019 201911403157.8

(CN)

Publication Classification

(51) Int. CL
GOIC 21/00
GOGF 16/29

(2006.01)
(2006.01)

(52) US.CL
CPC

GOIC 21/3893 (2020.08); GOGF 16/29
(2019.01); GOIC 21/3889 (2020.08)

(57) ABSTRACT

The present disclosure relates to a method and a system for
constructing an electronic horizon. The method includes:
sending, by at least one roadside unit, its corresponding
location information and direction information to a data
processing center as road information; constructing, by the
data processing center, forward electronic horizon data
according to received road information, set search distance
and electronic map data; and sending to the roadside unit;
receiving and storing, by the roadside unit, the forward
electronic horizon data sent by the data processing center;
sending, by an on-board unit, a data acquisition request to
the roadside unit; sending, by the roadside unit, the forward
electronic horizon data corresponding to the direction infor-
mation in the data acquisition request to the on-board unit;
constructing, by the on-board unit, a forward electronic
horizon representation according to received forward elec-
tronic horizon data. The present disclosure completely
avoids using the on-board electronic map in the vehicle’s
electronic control unit to execute complex search algorithms
in the process of constructing the forward electronic horizon
representation, and has the advantages of low cost, easy use
and high real-time performance.
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METHOD AND SYSTEM FOR
CONSTRUCTING ELECTRONIC HORIZON

TECHNICAL FIELD

[0001] The present disclosure relates to a field of elec-
tronic horizon, and in particular, to a method and a system
for constructing an electronic horizon.

BACKGROUND

[0002] Electronic horizon is a technology that enables
vehicles to have a forward geographic view and predict the
road conditions ahead. The existing electronic horizon tech-
nology requires the on-board terminal to be equipped with a
preset electronic map (such as the patent with the Publica-
tion No. CN109540162A) or a layer that dynamically
acquire the electronic map in the area (such as the patent
with Publication No. CN109997090A), and then according
to the latitude and longitude of vehicle positioning or other
information, complex algorithms (such as navigation algo-
rithm, depth search algorithm) are used from the electronic
map to search out the road network in front of the vehicle
and information such as slope, curvature, congestion, etc. on
the road network in real time, and the information is sent on
the car bus in the form of bus messages, and provided to
each electronic control unit (ECU) of the vehicle for controls
of auxiliary energy saving, safety or comfort.

[0003] The traditional electronic horizon has the following
defects:
[0004] 1. The vehicle needs to process the preset elec-

tronic map; the electronic map for vehicles is charged in
units of vehicles, the copyright is expensive, and it requires
a large storage space, which increases the cost of the entire
system application.

[0005] 2. The electronic map has a large amount of data,
which is inconvenient to upgrade and difficult to apply.
[0006] 3. On the electronic map, complex algorithms are
used to search out the road network ahead from the map in
real time, therefore, the amount of calculation is very large
and the computational complexity is very high. It takes up
a lot of CPU computing resources of the equipment
equipped with the electronic horizon system. This will
inevitably lead to the use of high-frequency and high-
performance CPUs to further increase the cost.

SUMMARY

[0007] In order to solve the above problems, the present
disclosure proposes a method and a system for constructing
an electronic horizon, and the specific solution is as follows:
[0008] A method for constructing an electronic horizon,
comprising steps of:

[0009] sending, by at least one roadside unit, its corre-
sponding location information and direction information to
a data processing center as road information;

[0010] constructing, by the data processing center, for-
ward electronic horizon data according to received road
information, set search distance and electronic map data; and
[0011] sending to the at least one roadside unit;

[0012] receiving and storing, by the at least one roadside
unit, the forward electronic horizon data sent by the data
processing center;

[0013] sending, by an on-board unit, a data acquisition
request to the at least one roadside unit;
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[0014] sending, by the at least one roadside unit, the
forward electronic horizon data corresponding to the direc-
tion information in the data acquisition request to the
on-board unit;

[0015] constructing, by the on-board unit, a forward elec-
tronic horizon representation according to received forward
electronic horizon data.

[0016] In an embodiment, according to the location infor-
mation and the direction information in the road, the data
processing center is configured for

[0017] searching in the electronic map for all geographic
elements that take the location information as a starting
point, the direction information as a direction and is included
within a distance range in a road where the location infor-
mation is located; and

[0018] constructing the forward electronic horizon data
corresponding to the road information according to all
searched geographic elements.

[0019] In an embodiment, each road information corre-
sponds to one direction information, and each of the at least
one roadside unit comprises more than one road informa-
tion.

[0020] In an embodiment, when the forward electronic
horizon data needs to be updated, the at least one roadside
unit is configured for obtaining the forward electronic hori-
zon data through the data processing center again.

[0021] In an embodiment, the at least one roadside unit is
configured for determining whether the direction informa-
tion in the data acquisition request is identical with corre-
sponding direction information of the forward electronic
horizon data stored;

[0022] if identical, then sending corresponding forward
electronic horizon data to the on-board unit;

[0023] otherwise, canceling sending.

[0024] In an embodiment, the forward electronic horizon
data comprises a road data packet, and the road data packet
at least comprises a road ID, a forward road length and a
main road sign.

[0025] In an embodiment, the forward electronic horizon
data further comprises a geographic element data packet,
and the geographic element data packet at least comprises a
geographic element, a road ID to which it belongs, and an
offset relative to a starting location of the road.

[0026] Inan embodiment, when the geographic element is
an intersection, the geographic element data packet further
comprises road IDs of branches corresponding to the inter-
section.

[0027] In an embodiment, a method for constructing the
forward electronic horizon representation comprises steps
of:

[0028] S1, searching a data packet corresponding to the
main road from the road data packet according to the main
road signs, and constructing the main road in the forward
electronic horizon representation according to the data
packet corresponding to the main road;

[0029] S2, searching all geographic elements correspond-
ing to the main road from the geographic element data
packet according to the road ID corresponding to the main
road, and marking them accordingly in the forward elec-
tronic horizon representation;

[0030] S3, determining whether the geographic elements
contains intersections, if so, entering step S4; until all
intersections are processed;
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[0031] S4, searching, for each intersection, the road IDs of
all branches corresponding to the intersection from the
geographic element data packet;

[0032] S5, searching, for the road ID of each branch, the
data packet corresponding to the road ID from the road data
packet; constructing a branch in the forward electronic
horizon representation according to the data packet, and
constructing signs for all geographic elements correspond-
ing to the each branch through the geographic element data
packet; and

[0033] returning to step S3.

[0034] In an embodiment, in step S5, a method for con-
structing the branch is:

[0035] constructing a straight line as the branch with a
length equal to a length of the forward road in the data
packet corresponding to the road ID of the branch, by taking
a location of geographic element in the forward electronic
horizon representation as the starting location.

[0036] In an embodiment, further comprising:

[0037] combining, by the on-board unit, the forward elec-
tronic horizon representations corresponding to different
roadside units;

[0038] obtaining, by the on-board unit, the location of a
vehicle in the forward electronic horizon representation and
a distance between each geographic element and the vehicle
according to a positional relationship between the vehicle
and each of the at least one roadside unit.

[0039] In an embodiment, the method for combining is:
[0040] searching for a location of the roadside unit
received at a previous moment in the forward electronic
horizon representation according to the roadside unit corre-
sponding to the forward electronic horizon representation
received at a current moment;

[0041] combining two forward electronic horizon repre-
sentations after the location is taken as the starting location
of the main road in the forward electronic horizon repre-
sentation received at the current moment.

[0042] In an embodiment, the driving information of the
vehicle comprises a vehicle speed and a driving direction at
an intersection;

[0043] a location of the vehicle in the forward electronic
horizon representation is obtained by calculating an offset
from the roadside unit in real time through the vehicle speed;
[0044] a road ID when the vehicle is driven behind the
intersection is determined by the driving direction at the
intersection.

[0045] A system for constructing an electronic horizon
comprises a data processing center, at least one roadside unit
and an on-board unit, and the system implements the steps
of the above method according to the embodiments of the
present disclosure.

[0046] The present disclosure adopts the above technical
solution, utilizes V2I infrastructure, stores the processed
forward electronic horizon data on each roadside unit, and
directly transmits the forward electronic horizon data to the
on-board unit of the vehicle passing through the roadside
unit through V2I communication, after the vehicle passes
through a new roadside unit, the new forward electronic
horizon data received will be constructed as the forward
electronic horizon representation. The present disclosure
completely avoids the use of the on-board electronic map in
the electronic control unit of the vehicle in the process of
constructing the forward electronic horizon representation,
does not require the electronic control unit to execute
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complex search algorithms on the electronic map, and has
the advantages of low cost, easy use and high real-time
performance.

BRIEF DESCRIPTION OF DRAWINGS

[0047] FIG. 1 is a flowchart of a first embodiment accord-
ing to the present disclosure.

[0048] FIG. 2 is a schematic diagram showing the con-
struction of the main road in the present embodiment.
[0049] FIG. 3 is a schematic diagram showing the geo-
graphic element signs in the main road in the present
embodiment.

[0050] FIG. 4 is a schematic diagram showing the con-
struction of branch 002 in the present embodiment.

[0051] FIG. 5 is a schematic diagram showing the geo-
graphic element signs in branch 002 in the present embodi-
ment.

[0052] FIG. 6 is a schematic diagram showing the con-
struction of the branch 003 in the present embodiment.
[0053] FIG. 7 is a schematic diagram showing the geo-
graphic element signs in branch 003 in the present embodi-
ment.

[0054] FIG. 8 is a schematic diagram showing the vehicle
location signs in the present embodiment.

[0055] FIG. 9 shows a forward electronic horizon repre-
sentation of RSU2 constructed in the present embodiment.
[0056] FIG. 10 is a schematic diagram showing the com-
bination of the forward electronic horizon representations of
RSU1 and RSU2 in the present embodiment.

[0057] FIG. 11 is a schematic structural diagram of a
system in a second embodiment according to the present
disclosure.

DESCRIPTION OF EMBODIMENTS

[0058] To further illustrate the various embodiments, the
present disclosure is provided with the accompanying draw-
ings. These drawings are a part of the present disclosure,
which are mainly used to illustrate the embodiments, and
can be used in combination with the relevant description of
the specification to explain the operation principles of the
embodiments. With reference to these contents, one of
ordinary skill in the art will understand other possible
embodiments and advantages of the present disclosure.
[0059] The present disclosure will now be further
described with reference to the accompanying drawings and
specific embodiments.

First Embodiment

[0060] An embodiment of the present disclosure provides
a method for constructing an electronic horizon, as shown in
FIG. 1, including the following steps:

[0061] (1) sending, by at least one roadside unit (RSU), its
corresponding location information and direction informa-
tion to a data processing center (DPC) as road information;
[0062] The location information is latitude and longitude
location information, which is used to search for the location
of the roadside unit corresponding to the location informa-
tion on the electronic map.

[0063] The location information may be acquired from a
positioning device such as a GPS (Global Positioning Sys-
tem) installed on the roadside unit.

[0064] The direction information may be an absolute road
direction, such as an absolute direction value with the true
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north direction as 0 degrees and the true south direction as [0075] Since when the geographic element is an intersec-
180 degrees; it may also be a relative road direction, such as tion, the road ID of the branch corresponding to the inter-
“the direction of Shenhai Highspeed Line A”. A roadside section needs to be known. Therefore, when the geographic
unit can represent one direction information or a plurality of element is an intersection, the geographic element data
direction information, each direction information may cor- packet also includes the road ID of the branch corresponding
respond to a separate forward electronic horizon data. For to the intersection.
example, a roadside unit represents a plurality of direction
information, it should send multiple requests for road infor- [0076] Inthe present embodiment, the geographic element
mation to the data processing center, and each road infor- data packet is a data structure of indeterminate length. As
mation corresponds to one direction information. shown in Table 2, the road ID of the branch corresponding
[0065] It should be noted that, in at least one of the to the intersection is taken as the geographic element as the
embodiments according to the present disclosure, a number associated attribute in the intersection data packet. Multiple
of the RSU can be one or more, and preferably, more than branches at the same intersection can be set in one and the
one RSU are provided. same data packet, or can be set in different data packets
[0066] (2) constructing, by the data processing center, the respectively. For multiple geographic elements at the same
forward electronic horizon data according to the received location (that is, with the same offset relative to the starting
road information, the set search distance and the electronic location of the road) can be set in the same data packet, they
map data, and sending to the at least one roadside unit; can also be set separately. In the present embodiment, the
[0067] The forward electronic horizon data may include method of setting in one and the same data packet is adopted,
road data packet and geographic element data packet. which can facilitate reference and save storage space.
TABLE 2
Data Road ID  Offset AttrNum Attrl Attr2 . RaNum RelateAttrl  RelateAttr2
Note Road Offset Number Geographic ~ Geographic .. Number  Associated  Associated

ID to relative to  of element 1 element 2 of attribute attribute

which the geographic associated 1 2

it starting elements attributes  (branchID1) (branchID2)

belongs point of

the road

[0068] The road data packet may include at least a road ID [0077] The content of the above geographic element data

(RoadID), a forward road length (Roadl.en) and a main road
sign (MainRoad).

[0069] The road ID is a unique identifier. Further, it can be
a unique identifier within the search distance range of one
roadside unit, and can be repeated within the search distance
range of different roadside units.

[0070] The main road signs are represented by “0” and
“17, “1” represents the main road, and “0” represents not the
main road.

[0071] The specific structure of the road data packet in the
present embodiment is shown in Table 1.
TABLE 1
Data RoadID RoadLen MainRoad
Description Road ID  Actual length of the Whether it is the main
forward road (fm)  road; 1 is yes; O is no
[0072] The content of the above road data packet is only

an implementation manner, and in other embodiments, those
skilled in the art may add other content to the above at least
included content, which is not limited herein.

[0073] The geographic element data packet may at least
include a geographic element, a road ID to which it belongs,
and an offset (Offset) relative to the starting location of the
road.

[0074] The geographic elements may be other geographic
information related to roads, such as roadside units within
the search distance range of the roadside unit (specifically,
the unique identification code of the roadside unit), gradi-
ents, traffic signs (such as deceleration signs, school signs,
etc.), intersections, etc.

packet is only an implementation manner, and in other
embodiments, those skilled in the art may add other content
to the above at least included content, which is not limited
herein.

[0078] The specific method for the data processing center
to construct the forward electronic horizon data is as fol-
lows: searching, by the data processing center, all geo-
graphic elements in the electronic map for the location
information on the road where the location information is
located according to the location information and direction
information in the road information, with the location infor-
mation as the starting point and the direction information as
the direction, and within the distance range; and construct-
ing the forward electronic horizon data corresponding to the
road information according to all the searched geographic
elements.

[0079] (3) receiving and storing, by the roadside unit, the
forward electronic horizon data sent by the data processing
center;

[0080] It should be noted that, in the following cases, the
roadside unit needs to update its stored forward electronic
horizon data, that is, repeat steps (1)-(3):

[0081] a: Road information is updated. For example, the
roadside units are rearranged after being replaced, and the
corresponding direction information needs to be changed
when the road is changed.

[0082] b: The forward electronic horizon data stored
locally at the roadside unit is missing.

[0083] c: Electronic map is updated, that is, the roads or
geographic elements on the electronic map are updated.
[0084] The above cases are only some specific cases. In
other cases that are not mentioned but need to be updated,
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steps (1)-(3) can also be repeated to update the forward
electronic horizon data stored in the roadside unit, which is
not limited herein.

[0085] (4) sending, by the on-board unit (OBU) a data
acquisition request to the roadside unit;

[0086] The data acquisition request may include the direc-
tion information of the vehicle and the ID of the on-board
unit. The ID of the on-board unit is used to distinguish the
source of the data acquisition request, and the direction
information is used to search the forward electronic horizon
data corresponding to the direction information.

[0087] (5) sending, by the roadside umit, the forward
electronic horizon data corresponding to the direction infor-
mation in the data acquisition request to the on-board unit;
[0088] Since the direction information in the data acqui-
sition request is in a corresponding relationship with the
direction information in the forward electronic horizon data,
the roadside unit determines whether the direction informa-
tion in the data acquisition request is the same with the
direction information corresponding to the stored electronic
horizon data or not. If they are the same, the corresponding
forward electronic horizon data is sent to the roadside unit;
otherwise, sending is refused.

[0089] (6) constructing, by the on-board unit, a forward
electronic horizon representation according to the received
forward electronic horizon data.

[0090] The method for constructing the forward electronic
horizon representation may include the following steps:
[0091] S1, searching a data packet (MainRoad=1) corre-
sponding to the main road from the road data packet
according to the main road signs, and constructing the main
road in the forward electronic horizon representation accord-
ing to the data packet corresponding to the main road;
[0092] There is one and only one data packet correspond-
ing to the main road in the road data packet. The method for
constructing the main road according to the data packet is:
constructing a straight line as a main road with a length
equal to a length of the forward road according to the
forward road length (Roadlen) in the data packet.

[0093] S2, searching all geographic elements correspond-
ing to the main road from the geographic element data
packet according to the road ID corresponding to the main
road, and marking them accordingly in the forward elec-
tronic horizon representation;

[0094] S3, determining whether the geographic elements
contains intersections, if so, entering step S4; until all
intersections are processed;

[0095] S4, searching, for each intersection, the road IDs of
all branches corresponding to the intersection from the
geographic element data packet;

[0096] S5, searching, for the road ID of each branch, the
data packet corresponding to the road ID from the road data
packet; constructing a branch in the forward electronic
horizon representation according to the data packet, and
constructing signs for all geographic elements correspond-
ing to the each branch through the geographic element data
packet; and

[0097] returning to step S3.

[0098] The method for constructing the branch is as fol-
lows: constructing a straight line as the branch with a length
equal to a length of the forward road in the data packet
corresponding to the road ID of the branch, by taking a
location of geographic element in the forward electronic
horizon representation as the starting location.
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[0099] The signs of the geographic elements are con-
structed using the construction method in step S2.

[0100] Through the repeated construction of steps S3-S5,
the construction of branches can be continuously performed
until all branches within the search distance range corre-
sponding to the roadside unit are constructed.

[0101] The following is a concrete case to illustrate the
method for constructing the forward electronic horizon
representation.

[0102] The road data packets are: [1={001, 500, 1},
[2={002, 400, 0}, L.3={003, 100, 0}.

[0103] The geographic element data packets are:
G1={001, 0, 1, RSU1_ID}, G2={001, 300, 1, RSU2_ID},
G3={002, 200, 1, RSU3_ID}, G4={001, 100, 1, Intersection
1, 1, 002}, G5={001, 400, 1, Intersection 2, 1, 003},
G6={001, 150, 1, Watch out for pedestrians}, G7={001,
200, 1, Steep slope}, G8={003, 50, 1, RSU4_ID}.

[0104] Step 1: constructing a straight line as the main road
with a length of 500; as shown in FIG. 2, since the main road
flag in the data packet L1 is “1”, the data packet L1
corresponds to the main road, the length of the forward road
in it is 500, and the road ID is 001.

[0105] Step 2: searching the data packets with the road
ID=001 from the geographic element data packet according
to the road ID=001 corresponding to the main road, denoted
as G1, G2, G4, G5, G6, G7 respectively; marking the
geographic element corresponding to each data packet at a
location offset by the offset relative to the starting location
of the main road, according to the offset Offset correspond-
ing to each data packet. As shown in FIG. 3, the RSU1,
Intersection 1, Watch out for pedestrians, Steep slopes,
RSU2, Intersection 2 in the block are the geographic ele-
ments corresponding to the G1, G4, G6, G7, G2, G5 data
packets respectively. 0, 100, 150, 200, 300, 400 below the
line are offsets corresponding to G1, G4, G6, G7, G2, G5
data packets, respectively.

[0106] Step 3: constructing the geographic element signs
of branchs for these two intersections respectively, since the
geographic elements contain two intersections, namely
Intersection 1 and Intersection 2;

[0107] Step 4: constructing branches at Intersection 1;
[0108] The geographic element data packet corresponding
to Intersection 1 is G4, and the road ID of the branch
corresponding to Intersection 1 is searched from G4 as 002,
and the data packet with road ID=002 from the road data
packet is 1.2, and the corresponding road length in [.2 is 400.
Therefore, the length of the straight line corresponding to the
branch is 400. Taking the geographic element, that is, the
location of the Intersection 1 as the starting location, a
straight line with a length of 400 is constructed as Branch
002, as shown in FIG. 4.

[0109] Step 5: searching the data packet with the road
ID=002 from the geographic element data packet as G3,
according to the road ID=002; marking the geographic
element RSU3_ID corresponding to G3 at a location offset
by 200 from the starting location of Branch 002, according
to the corresponding offset Offset=200 in G3. As shown in
FIG. 5, RSU3 in the block is the geographic element
corresponding to G3, 200 below the line is the offset
corresponding to the geographic element RSU3.

[0110] The geographic elements corresponding to Branch
002 do not include intersections, so the construction of the
branch at Intersection 1 and the geographic element signs on
it are completed.
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[0111] Step 6: constructing branches at Intersection 2;
[0112] The methods for constructing Intersection 2 and
Intersection 1 are the same. The geographic element data
packet corresponding to Intersection 2 is G5. The road ID of
the branch corresponding to Intersection 2 is searched from
G5 as 003, and the data packet with road ID=003 is searched
from the road data packet is L3, and the length of the
corresponding road in [.3 is 100. Therefore, the length of the
straight line corresponding to the branch is 100. Taking the
geographic element, that is, the location of Intersection 2 as
the starting location, a straight line with a length of 100 is
constructed as Branch 003, as shown in FIG. 6.

[0113] Step 7: searching the data packet with the road
ID=002 from the geographic element data packet as G8,
according to the road ID=003; marking the geographic
element RSU4_ID corresponding to G8 at a location offset
by 50 relative to the starting location of Branch 003,
according to the corresponding offset Offset=50 in G8. As
shown in FIG. 7, RSU4 in the block is the corresponding
geographic element corresponding to G8, 50 below the line
is the offset corresponding to the geographic element RSU4.
[0114] The geographic elements corresponding to Branch
003 do not contain intersections, so the construction of the
branch at Intersection 2 and the geographic element signs on
it are completed.

[0115] To sum up, the construction of the forward elec-
tronic horizon representation corresponding to the roadside
unit is completed according to the forward electronic hori-
zon data corresponding to the roadside unit.

[0116] In addition, during the use of the forward electronic
horizon representation, since the vehicle is constantly mov-
ing, its position in the forward electronic horizon represen-
tation is constantly changing. When moving to the vicinity
of a new roadside unit, the new forward electronic horizon
representation constructed by the forward electronic horizon
data corresponding to the received new roadside unit is
combined/merged with the old forward electronic horizon
representation to realize continuous updating. Therefore, the
system also includes:

[0117] The forward electronic horizon representations cor-
responding to different roadside units are combined by the
on-board unit.

[0118] The combining method is: searching for a location
in the forward electronic horizon representation received by
the roadside unit at a previous moment according to the
roadside unit corresponding to the forward electronic hori-
zon representation received at the current moment; and
combining the two forward electronic horizon representa-
tions after taking the location as the starting location of the
main road in the forward electronic horizon representation
received at the current moment.

[0119] According to the positional relationship between
the vehicle and the roadside unit and the driving information
of the vehicle, the on-board unit obtains the location of the
vehicle in the forward electronic horizon representation, and
then obtains the distance between each geographic element
and the vehicle.

[0120] The driving information of the vehicle may include
the vehicle speed and the driving direction at the intersec-
tion.

[0121] The vehicle speed can be collected by a vehicle
speed sensor, a vehicle instrument or other sensors, etc. The
driving direction at the intersection can be judged from the
information collected by the steering wheel angle sensor of
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the vehicle, the direction information of the positioning
system or the gyroscope, etc., to determine the road ID of the
vehicle after driving at the intersection, that is, it is deter-
mined that whether the vehicle continues to drive on the
main road or turns to a branch at the intersection.

[0122] Since the forward electronic horizon representation
is an abstract representation constructed, the location of the
vehicle in the forward electronic horizon representation
cannot be determined by the coordinate positioning of the
geographic location, and it can only be approximated by
means of offset. Therefore, when the locations of the on-
board unit and the roadside unit are the closest, the offset of
the vehicle from the roadside unit on the forward electronic
horizon representation is set to 0, and the driving distance is
calculated according to the vehicle speed, and then the
location of the vehicle on the forward electronic horizon
representation can be determined in real time, in order to
display the information of the forward electronic horizon
representation of the forward road of the vehicle.

[0123] Assuming that the vehicle travels forward m meters
from the roadside unit, the location of the vehicle in the
forward electronic horizon representation is the location
with an offset of m from the roadside unit, that is, only the
information of the forward electronic horizon representation
of the forward road with an offset greater than m meters is
provided.

[0124] Examples are given below for explaining.

[0125] As shown in FIG. 8, the vehicle turns to Branch
002 at Intersection 1 (G4), and when approaching RSU2
(G2), the on-board unit receives the new forward electronic
horizon data sent by RSU2, namely

[0126] road packet: L4={001, 500, 1};

[0127] geographic element packet: G9={001, 0, 1, RSU2_
ID}, geographic element packet: G10={001, 350, 1, RSU5_
ID}.

[0128] The forward electronic horizon representation con-

structed by the on-board unit according to the new forward
electronic horizon data sent by the RSU2 is shown in FIG.
9.

[0129] According to the identification code of the roadside
unit, G3 and G9 represent the same roadside unit, that is,
RSU2. Therefore, the two forward electronic horizon rep-
resentations are combined at RSU2 to expand the field of
view, as shown in FIG. 10.

[0130] After combining, the on-board unit calculates the
offset value of the next geographic element RSU5 (G10) and
the vehicle: the offset value of RSU2 is 200, minus the
current offset value of the vehicle 160, plus the offset value
of RSUS5 350: 200-160+350=390 meters.

[0131] When the vehicle travels to the RSU2’s location,
the RSU2’s location is set as the starting location, that is, the
offset value is 0, and the view before the RSU2’s location is
deleted.

[0132] In this way, by continuously combining the for-
ward electronic horizon representation of new roadside
units, the field of view can be expanded and updated, and the
function of predicting the forward road and geographic
elements can be realized, avoiding complex map search
algorithms in traditional electronic maps.

[0133] The first embodiment of the present disclosure
utilizes the V2I (vehicle-to-infrastructure communication)
infrastructure to store the processed forward electronic hori-
zon data on each roadside unit, and sends directly the
forward electronic horizon data to the on-board unit of the
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vehicle passing through the roadside unit through V2I com-
munication. After the vehicle passes a new roadside unit, the
received new forward electronic horizon data is constructed
as a forward electronic horizon representation that, and then,
is adopted to be combined with the forward electronic
horizon representation received and constructed by the pre-
vious roadside unit for extending. By accumulating relative
displacements, the location of the vehicle on the forward
electronic horizon representation and the relative positional
relationship between the vehicle and each geographic ele-
ment are determined. In this way, in the electronic horizon
system, the use of the on-board electronic map in the
electronic control unit of the vehicle is completely avoided,
and the electronic control unit is not required to execute a
complex search algorithm on the electronic map, which has
the advantages of low cost, easy use and high real-time
performance.

Second Embodiment

[0134] The present disclosure also provides a system for
constructing an electronic horizon, as shown in FIG. 11,
including a data processing center, at least one roadside unit
and an on-board unit.
[0135] The data processing center is a central processing
server that can carry complex algorithms, and can commu-
nicate with roadside units through wired communication or
long-distance wireless communication.
[0136] Each roadside unit has a unique identification code
(ID) by which it is identified.
[0137] The roadside unit communicates with the data
processing center by means of wired communication or
long-distance wireless communication.
[0138] The on-board unit is installed on the vehicle and
communicates with the roadside unit through V2I short-
range wireless communication.
[0139] The system implements the steps in the above
method described in the first embodiment.
[0140] Although the present disclosure has been particu-
larly shown and described in connection with preferred
embodiments, it will be understood by those skilled in the art
that all various changes in form and detail made to the
present disclosure without departing from the spirit and
scope of the disclosure as defined by the appended claims
fall within the protection scope of the present disclosure.
1. A method for constructing an electronic horizon, com-
prising steps of:
sending, by at least one roadside unit, location informa-
tion and direction information of the at least one
roadside unit to a data processing center as road infor-
mation;
constructing, by the data processing center, forward elec-
tronic horizon data according to the road information,
set search distance, and electronic map data;
sending the forward electronic horizon data to the at least
one roadside unit;
receiving and storing, by the at least one roadside unit, the
forward electronic horizon data sent by the data pro-
cessing center;
sending, by an on-board unit, a data acquisition request to
the at least one roadside unit;
sending, by the at least one roadside unit, the forward
electronic horizon data corresponding to the direction
information in the data acquisition request to the on-
board unit; and
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constructing, by the on-board unit, a forward electronic
horizon representation according to the forward elec-
tronic horizon data.

2. The method for constructing an electronic horizon
according to claim 1, wherein, according to the location
information and the direction information in the road infor-
mation, the data processing center is configured for:

searching in the electronic map data for all geographic
elements that take the location information as a starting
point and; the direction information as a direction and
that are included within a distance range in a road
where the location information is located; and

constructing the forward electronic horizon data corre-
sponding to the road information according to the
geographic elements.

3. (canceled)

4. (canceled)

5. The method for constructing an electronic horizon
according to claim 1, wherein:

the at least one roadside unit is configured for determining
whether the direction information in the data acquisi-
tion request is identical with corresponding direction
information of the forward electronic horizon data
stored by the at least one roadside unit, and

sending, by the at least one roadside unit, the forward
electronic horizon data corresponding to the direction
information in the data acquisition request to the on-
board unit comprises steps of:
when identical, sending the forward electronic horizon

data to the on-board unit; and
otherwise, canceling sending the forward electronic
horizon data to the on-board unit.

6. The method for constructing an electronic horizon
according to claim 1, wherein:

the forward electronic horizon data comprises a road data
packet,

the road data packet at least comprises a road identifica-
tion (ID), a forward road length, a main road sign, and
a geographic element data packet, and

the geographic element data packet at least comprises a
geographic element, a road ID to which the geographic
element belongs, and an offset relative to a starting
location of the road.

7. (canceled)

8. The method for constructing an electronic horizon
according to claim 6, wherein, when the geographic element
is an intersection, the geographic element data packet further
comprises road IDs of branches corresponding to the inter-
section.

9. The method for constructing an electronic horizon
according to claim 8, wherein a method for constructing the
forward electronic horizon representation comprises steps
of:

S1, searching a data packet corresponding to a main road
from the road data packet according to the main road
signs, and constructing the main road in the forward
electronic horizon representation according to the data
packet corresponding to the main road;

S2, searching all geographic elements corresponding to
the main road from the geographic element data packet
according to the road ID corresponding to the main
road, and marking the geographic elements accordingly
in the forward electronic horizon representation;



US 2022/0349727 Al

S3, determining whether the geographic elements con-
tains intersections, and when so, entering step S4; until
all the intersections are processed;

S4, searching, for each intersection, the road IDs of all
branches corresponding to the intersection from the
geographic element data packet;

S5, searching, for the road ID of each branch, the data
packet corresponding to the road ID from the road data
packet; constructing a branch in the forward electronic
horizon representation according to the data packet;
and constructing signs for all geographic elements
corresponding to the each branch through the geo-
graphic element data packet; and

returning to step S3.

10. The method for constructing an electronic horizon
according to claim 9, wherein, in step S5, a method for
constructing the branch comprises steps of:

constructing a straight line as the branch with a length
equal to a length of a forward road in the data packet
corresponding to the road ID of the branch, by taking
a location of a geographic element in the forward
electronic horizon representation as the starting loca-
tion.

11. The method for constructing an electronic horizon
according to claim 1, characterized in that: further compris-
ing steps of:

combining, by the on-board unit, the forward electronic
horizon representations corresponding to different
roadside units; and

obtaining, by the on-board unit, location of a vehicle in
the forward electronic horizon representation and a
distance between each geographic element and the
vehicle according to a positional relationship between
the vehicle and each of the at least one roadside unit
and driving information of the vehicle.

12. The method for constructing an electronic horizon
according to claim 11, wherein combining, by the on-board
unit, the forward electronic horizon representations corre-
sponding to different roadside units comprises steps of:

searching for a location of the roadside unit received at a
previous moment in the forward electronic horizon
representation according to the roadside unit corre-
sponding to the forward electronic horizon representa-
tion received at a current moment; and

combining two forward electronic horizon representations
after the location is taken as a starting location of a
main road in the forward electronic horizon represen-
tation received at the current moment.

13. The method for constructing an electronic horizon

according to claim 11, wherein:

the driving information of the vehicle comprises a vehicle
speed and a driving direction at an intersection;

the location of the vehicle in the forward electronic
horizon representation is obtained by calculating an
offset from the roadside unit in real time through the
vehicle speed, and

a road identification (ID) when the vehicle is driven
behind the intersection is determined by the driving
direction at the intersection.

14. A system for constructing an electronic horizon,
comprising a data processing center, at least one roadside
unit, and an on-board unit, the system being configured for
implementing steps of:
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sending, by the at least one roadside unit, location infor-
mation and direction information of the at least one
roadside unit to the data processing center as road
information;

constructing, by the data processing center, forward elec-

tronic horizon data according to the road information,
set search distance, and electronic map data;

sending the forward electronic horizon data to the at least

one roadside unit;

receiving and storing, by the at least one roadside unit, the

forward electronic horizon data sent by the data pro-
cessing center;

sending, by the on-board unit, a data acquisition request

to the at least one roadside unit;

sending, by the at least one roadside unit, the forward

electronic horizon data corresponding to the direction
information in the data acquisition request to the on-
board unit; and

constructing, by the on-board unit, a forward electronic

horizon representation according to the forward elec-
tronic horizon data.
15. The system for constructing an electronic horizon
according to claim 14, wherein, according to the location
information and the direction information in the road infor-
mation, the data processing center is configured for:
searching in the electronic map data for all geographic
elements that take the location information as a starting
point and the direction information as a direction and
that are included within a distance range in a road
where the location information is located; and

constructing the forward electronic horizon data corre-
sponding to the road information according to the
geographic elements.

16. The system for constructing an electronic horizon
according to claim 14, wherein:

the at least one roadside unit is configured for determining

whether the direction information in the data acquisi-
tion request is identical with corresponding direction
information of the forward electronic horizon data
stored by the at least one roadside unit, and

sending, by the at least one roadside unit, the forward

electronic horizon data corresponding to the direction

information in the data acquisition request to the on-

board unit comprises steps of:

when identical, sending the forward electronic horizon
data to the on-board unit; and

otherwise, canceling sending the forward electronic
horizon data to the on-board unit.

17. The system for constructing an electronic horizon
according to claim 14, wherein:

the forward electronic horizon data comprises a road data

packet,
the road data packet at least comprises a road identifica-
tion (ID), a forward road length, a main road sign, and
a geographic element data packet, and

the geographic element data packet at least comprises a
geographic element, a road ID to which the geographic
element belongs, and an offset relative to a starting
location of the road.

18. The system for constructing an electronic horizon
according to claim 17, wherein, when the geographic ele-
ment is an intersection, the geographic element data packet
further comprises road IDs of branches corresponding to the
intersection.
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19. The system for constructing an electronic horizon
according to claim 18, wherein a method for constructing the
forward electronic horizon representation comprises steps
of:

S1, searching a data packet corresponding to a main road
from the road data packet according to the main road
sign, and constructing the main road in the forward
electronic horizon representation according to the data
packet corresponding to the main road;

S2, searching all geographic elements corresponding to
the main road from the geographic element data packet
according to the road ID corresponding to the main
road, and marking the geographic elements accordingly
in the forward electronic horizon representation;

S3, determining whether the geographic elements contain
intersections, and when so, entering step S4; until all
the intersections are processed;

S4, searching, for each intersection, the road IDs of all
branches corresponding to the intersection from the
geographic element data packet;

S5, searching, for the road ID of each branch, the data
packet corresponding to the road ID from the road data
packet; constructing a branch in the forward electronic
horizon representation according to the data packet;
and constructing signs for all geographic elements
corresponding to the each branch through the geo-
graphic element data packet; and

returning to step S3.

20. The system for constructing an electronic horizon
according to claim 19, wherein, in step S5, a method for
constructing the branch comprises steps of:

constructing a straight line as the branch with a length
equal to a length of a forward road in the data packet
corresponding to the road ID of the branch, by taking
a location of a geographic element in the forward
electronic horizon representation as the starting loca-
tion.
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21. The system for constructing an electronic horizon
according to claim 14, wherein the system is configured for
implementing further steps of:

combining, by the on-board unit, the forward electronic

horizon representations corresponding to different
roadside units; and

obtaining, by the on-board unit, a location of a vehicle in

the forward electronic horizon representation and a
distance between each geographic element and the
vehicle according to a positional relationship between
the vehicle and each of the at least one roadside unit
and driving information of the vehicle.

22. The system for constructing an electronic horizon
according to claim 21, wherein combining, by the on-board
unit, the forward electronic horizon representations corre-
sponding to different roadside units comprises steps of:

searching for a location of the roadside unit received at a

previous moment in the forward electronic horizon
representation according to the roadside unit corre-
sponding to the forward electronic horizon representa-
tion received at a current moment; and

combining two forward electronic horizon representations

after the location is taken as a starting location of a
main road in the forward electronic horizon represen-
tation received at the current moment.

23. The system for constructing an electronic horizon
according to claim 21, wherein:

the driving information of the vehicle comprises a vehicle

speed and a driving direction at an intersection,

the location of the vehicle in the forward electronic

horizon representation is obtained by calculating an
offset from the roadside unit in real time through the
vehicle speed, and

a road identification (ID) when the vehicle is driven

behind the intersection is determined by the driving
direction at the intersection.
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